Background
Results
The mapping showed that bottom-up studies and prevalence approaches were most common. The cost ratios between different severity levels within studies were relatively stable, to the ratio of 1 to 2 to 3 for disability level categories. Drugs were the main cost drivers for MS-patients with low disease severity, representing 29% to 82% of all costs in this patient group, while the main cost components for groups with more advanced MS symptoms were production losses due to MS and informal care, together representing 17% to 67% of costs in those groups.
Conclusion
The bottom-up method and prevalence approach dominated in studies of COI of MS. Our findings show that there are difficulties in comparing absolute costs across studies, nevertheless, the relative costs expressed as cost ratios, comparing different severity levels, showed higher resemblance. Costs of drugs were main cost drivers for less severe MS and informal care and production losses for the most severe MS.
Methods
We conducted a systematic review following the PRISMA statement [22] , including the following steps. Published studies on COI of MS were searched in PubMed with a supplementary search in the Health Economic Evaluations Database (HEED) for additional studies. The search terms used were Multiple Sclerosis AND (costs OR cost of illness OR economic costs OR economic burden OR economic impact OR economic status OR economic deprivation OR economic pressure OR burden of disease OR social consequences), limited to studies published in English between January 1969 to January 24 th 2014. The search strategy using the term "Multiple sclerosis" in combination with other search terms in separate searches resulted in a total of 2,621 studies, of which 1,326 studies remained after excluding duplicates (Fig 1) . Fulltext versions of articles were reviewed independently by OE and AN, and were retrieved if at least one of the reviewers considered the study to be relevant. Reference lists of eligible articles were hand searched for additional studies. The flow chart covering the search of literature is described in Fig 1. Criteria were used for inclusion of studies, where any disagreement between reviewers was solved by discussions among the authors to reach consensus. The inclusion criteria were: research published in English in a peer reviewed journal, containing information on prevalence-or incidence-based cost data for MS, from OECD-countries. Intangible costs were not considered in this review. This resulted in 74 abstracts identified as possible relevant studies.
Three additional publications were found through hand search in the identified reviews, resulting in a total of 77 studies that were examined in full text.
To identify relevant publications for inclusion in the mapping of COI studies on MS, the 77 identified publications were assessed in full-text for relevance. Twenty-nine of the studies did not meet the inclusion criteria, and reasons for exclusion were: three studies based on compensation data, twelve reviews, seven extrapolations, two summaries of previous studies, and one drug intervention study, as well as three studies without cost data and one in another language than English. Thus, 48 publications met our inclusion criteria and these were mapped by two authors [OE, AN] according to how methodological approaches were implemented: cost components included, TD or BU approach, incidence or prevalence approach.
Among the included studies, an additional assessment was performed by OE and AN to identify a sub-sample of publications with similar methodology that enabled comparisons of study results. Twenty-nine publications, with similar methodology and providing the information needed, was identified, i.e., studies having a societal perspective approach, including both direct and indirect costs, using human capital approach for indirect costs, and providing comprehensive data on number of patients, time-period studied, currency, and year of price level. Reason for not being included in this sub-sample is provided in S1 Table. Data on study characteristics and included cost categories were extracted from the 29 studies. In order to compare study results, costs per patient (overall and by severity of MS) were transformed using Purchasing Power Parities (PPP) for Gross domestic product to USD [23] . The cost data of studies using year of price level before 2011 were inflated by 1 percent annually in order to calculate a common end value for the year 2011. In two of the included studies [24, 25] , results were presented in an alternate currency (Euro for non-Euro countries) and recalculations based on the exchange rates given in the articles were made in order to follow the principle of using PPP for each country. In two other studies [26, 27] , exchange rates were not reported, why the PPP rate for the EU area was chosen although this concerned non-euro countries. For studies not presenting annual costs, transformations were made to 12 months basis, assuming that there were no seasonal variations in resource use.
The level of MS disability can be evaluated and presented according to the Expanded Disability Status Scale (EDSS), ranging from 0 (normal) to 10 (death due to MS) [28] . Thus, for further comparison, data on costs for patients with different levels of severity were extracted from twelve publications reporting costs by EDSS. The costs for different levels of EDSS were transformed and inflated to 2011 values, and were furthermore compared as costs ratios where the categorization of EDSS I of each study was the comparator of EDSS II and III for the same study.
Results
After exclusion of duplicates, 1,326 studies remained, and applications of criteria resulted in 77 studies examined in full-text. A total of 29 studies were excluded before the final version of the mapping, i.e., 48 included studies. [1-5, 24-27, 29-67] , of which 42 studies were categorized as mainly using a BU approach. The traditional TD approach based on register data was used in the remaining six studies (Table 1) . Five studies were categorized as examining a special aspect, i.e., incidence for one year [62] , intangible costs [63] , the cost of relapse [64, 67] , and cost for MS-patients with spasticity [60] .
Twenty-nine studies of those included in the mapping were further compared regarding cost of MS [24-27, 33-35, 37-54, 57-59, 61] . All these 29 studies used a prevalence approach and all studies but one [24] mainly used a BU approach (Table 2 ). There were 17 countries covered by the included studies. Ten of the studies were conducted by the same Swedish group of authors [25, [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] and seven studies were done by another group with connections to Sweden [37] [38] [39] [40] [41] [42] [43] , resulting in that 17 (59%) of the studies were conducted by two Swedish research centers.
The cost categories that were most frequently reported in the 29 included studies are presented in Table 3 . All studies included direct costs for inpatient care and costs for drugs, and all studies but one [58] explicitly reported about including direct costs for outpatient care. Costs related to specialists other than those mentioned were, e.g., opticians, speech therapists, psychiatrists, and acupuncturists. The inclusion of other direct costs varied between studies. Among the 29 studies, 25 studies included costs for informal care, 21 reported nursing home costs, and 22 included home help services. Concerning indirect costs, all studies reported short-term work absence, while long-term and permanent reductions in productive work were reported in most, but not all, studies. Permanent reductions in productive work were commonly called early retirement due to MS in the studies (Table 3) . Only one study included indirect costs due [27] , while another study stated it was excluded since there was no higher risk of premature death for patients with MS compared to the rest of the population [35] . Costs that were less frequently reported in the studies were e.g., child care, social services and workplace adaptions. As can be seen from Table 3 costs data used in the included studies were based on data with differences of levels of specification. For example, studies by Auty [33] and by Taylor [61] had few specified data, and included only short term absence as regards indirect costs, as compared to the high specifications of data and inclusion also of long term sickness absence in the studies by Kobelt [25, [44] [45] [46] [47] [48] [49] [50] [51] and Karampampa [37] [38] [39] [40] [41] [42] [43] . The difference of estimated cost per patient corresponded to almost 50%, i.e. 28 575 USD (average for Auty and Taylor) compared to 42 567 USD (average for Kobelt and Karampampa). Per patient costs inflated to end values for the year 2011 are presented in Table 4 . After recalculating the costs per patient, costs were up to six times higher for the studies using the BU approach than that presented in the study using a TD approach (Fig 2) . An analysis of linear regression showed a non-significant association (i.e., p<0.05) between year of publication and total cost per patient (r = 0.154, p = 0,44). In comparison of the BU studies, costs per patient differed up to five times between the lowest and highest estimate. Aside from the two studies reporting the highest and lowest cost estimates, costs differed up to two times between the remaining studies.
Twenty-seven out of the 29 included studies presented costs per EDSS level in tables or figures, of which twelve presented costs by three categories of severity levels that we considered to be possible to extract [26, 33, 35, 37-43, 57, 58] . The levels of EDSS I, II, and III represent the categorization of different severities of MS, or case mix of MS, and this was reflected in the costs per patient that increased with higher levels of EDSS (Table 5 ). Although absolute costs per patient varied highly between the studies, i.e., for EDSS II corresponding to 17,765 USD PPP [26] compared to 61,388 USD PPP [43] , the costs ratios per patient (EDSS II and III compared to I) varied much less, i.e., 1.42 vs. 1.65, for Blahova Dusankova et al. [26] and Karampampa et al. [43] , respectively ( Table 5 ). The coefficient of variation, defined as standard deviation compared to the mean, was 0.15 and 0.38, for EDSS II and III, respectively, for all 12 studies including EDSS estimates of costs. Concerning the mildest severity categorization, hereafter called EDSS I, seven out of ten studies that specified costs per category identified MS treatment as the main cost driver [26, [37] [38] [39] [40] [41] [42] . The cost driver varied more between studies in the moderate severity group, EDSS II, where it was identified as drugs or MS treatment [37, [39] [40] [41] , permanent reductions in productive work [26, 38, 43] , other classifications of indirect costs [57, 58] , and informal care [42] . Four out of ten studies [38, [40] [41] [42] identified informal care as the main cost driver for individuals in the most severe group, EDSS III, whereas four studies identified production losses due to permanent reductions in productive work [26, 37, 39, 43] and two identified other types of indirect costs [57, 58] .
The studies by Kobelt and colleagues represented about one third (10/29) of all included studies in our study. These studies used similar methodology but adapted to the different country settings: Inpatient care was used by between 6.7 to 25.8% of the included patients, sickness absence was used by 4.6 to 25%, and permanent reductions in productive work due to MS concerned 32.9 to 44.5% (Table 6 ).
Discussion
There were large methodological variation between the identified studies and both costs and cost drivers appeared to be influenced by methodological choices. The main methodological differences were in the inclusion of different types of costs rather than the used perspective, as most studies used a BU approach and reported prevalence-based COI estimates. Moreover, implementation and categorization based on severity level differed largely between studies, Although absolute costs differed between studies, it appears that the cost ratios between different severity levels within studies were more stable, almost as 1 to 2 to 3 for EDSS I, II, and III, respectively. Our findings also suggest that cost drivers differ by severity level, where most studies showed that drug costs dominated in lower severity levels, while the main cost drivers in more severe levels of MS were production losses and informal care.
Methods of calculation affects the comparability between studies
Of the included studies on COI of MS, approximately 80% were published in the year 2000 or later, which indicates that studies of COI of MS can be described as a topic of recent and increasing interest. All included studies had a prevalence approach which can be used e.g., as a first step for calculations of cost effectiveness [19] of for example new drugs. However, if preventive interventions are in focus, an incidence approach would be more accurate [19, 21] to allow examination of costs over time [53] . An alternative method would be to create models based on retrieved or already published costs [68] , and in two included studies such results were presented e.g., for 20-years [53] and life-time costs [33] , in addition to the prevalencebased costs. Such analyses assume that the patterns of costs for different patients, age groups, and severity levels, based on a prevalence approach, can be used to estimate development in incidence-based cost over time. According to our results from the 29 studies that were included for cost comparison, the one study using a TD approach reported the lowest mean cost per patient. It seems reasonable that the higher estimated COI for MS are, at least in parts, due to more cost components included in the calculation in BU studies. For instance, certain data may not be available in databases and by using the TD method, important cost data may be missing, e.g., costs related to complications where the disease of interest is not the main diagnosis [69] . Moreover, a potential reason for high costs when using a BU method is double counting of costs including the disease under study and its co-morbidities [69] . For instance, if some of the reported resource use assigned to MS actually were caused by a frequent co-morbidity to MS, such as depression [7, 70] the estimated COI will represent the costs for both MS and part of the costs for depression. Thus, a potentially estimated sum of costs for all diseases in a population may end up being higher than the total cost [71] . It would be preferable if future studies on COI of MS-as well as of other diagnoses-specified how resource utilization due to comorbidity was separated from that of the main diagnosis under study, in this case MS. Some comorbidities are independent from the studied disease, others a result of it. There are other examples of diseases for which it is not obvious if the COI for e.g., treatment of other diseases should be seen as related to the studied disease. One such example is diabetes where comorbidity has seen to incur high impact on total costs of illness [72] .
Thus, it appears that the approaches of calculating costs of the included studies were not the main methodological differences, as all studies used the prevalence approach and almost all studies were BU. However, large variations were found regarding which costs that were included and in the handling of level of severity. Moreover, these aspects appear to be interlinked in their effect on cost drivers and overall costs.
Over time, it has become increasingly common to assess MS costs according to disease severity (i.e., EDSS). Our finding that costs increase with increasing disability level is consistent with the results of previously conducted reviews of COI of MS [7, [9] [10] [11] . Similar to the findings by Naci and colleagues [7] , many studies showed that medical costs corresponded to a greater proportion at a lower severity level, while the proportion of non-medical direct costs and indirect costs increased with severity of disease. The relative relationship between costs in different severity levels has been examined previously [10, 11] , whereas a review including ten studies (the most recent published in 2002) showed that the relative costs were more consistent, since the absolute costs depend on a number of contextual factors [10] .
Knowledge of the different distributions of cost components between severity levels has implications for studies of MS treatments. Due to how patients are recruited to e.g., clinical trials of new treatments, a large proportion of the included patients may have a mild disease severity level and recently diagnosed MS, or have had complications to previous treatments. If patients with less severe disease are dominant, this distributional effect will result in the estimated costs for drugs being overestimated as compared to other cost components. It is thus difficult to conclude, based on such studies what the possible savings for introducing new drugs in the population are. Moreover, the health status of a patient having MS may possibly in a longer perspective deteriorate, which should be associated also with the effectiveness of given treatment, and thus result in higher indirect costs. Although other research methods are needed to estimate the economic impact of insufficient treatment effects over time, our results indicate that costs per patient may double and later triple by EDSS level.
Contextual differences may cause comparisons of COI studies of MS unfeasible, such as differences in categorization of costs and resource use. It has e.g., been argued that there might be contextual differences for patients with MS to rely on family members or on friends for informal care, which can also affect the calculated cost for informal care [51] . As the included studies categorized informal care as an unspecified direct cost [27, 34, 35, 52, 53] , as a direct nonmedical cost [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] 53] , presented separately from direct and indirect costs [58] or, as an indirect cost [26, 57] , Included cost categories, as well as e.g., proportions will differ due to methodological choices.
Moreover, laws and attitudes towards use of social insurances such as full-time or part-time disability pension or early retirement for patients with MS differs between countries [27] , as well as how sickness absence and disability pension are described and/or measured. For instance, it is often not clear if 'short-term sickness absence' means e.g., <7 days or <90 days. Also, disability pension or what in some studies is called early retirement or early retirement due to MS, is seldom clearly defined. There is probably a difference between taking old-age pension early due to health problems and being granted disability pension. Previous reviews on sick leave and disability pension have pointed out the lack of clarity in how different concepts are used [73, 74] . There are also variations in organization of healthcare which may lead to differences in consumption of care but also in prices for resources of healthcare [25] . Applying estimates from studies in one population that differs from the population of interest may also cause problems for comparisons [8] , as well as differences in cut-off points used for the EDSS [52] . In addition, the length of study period, e.g., one month compared to six months, may lead to inaccuracies or biases when the results are multiplied up to annual costs [61] .
Furthermore, above described methodological and contextual differences probably have had an impact on what could be considered as the main cost driver. The severity of MS might differ within patient groups which add to differences of resource utilization making healthcare costs skewed [75] . Age, disability (EDSS), and presence of depression have been found to be independent predictors of costs in univariate analyses [59] . Furthermore, differences between studies as regards the proportion of patients with MS relapses of severity, as well as duration of relapses, are important for the estimated economic burden of MS [7] , and differences in sampling of patients for inclusion COI studies may also be of importance for comparison between studies [50] . Questions in need of answer in connection to the (more common) BU method are several: were the patients included representative of the MS population, were the resource use reported by the patients accurate (e.g., do patients to the same extent report hospitalizations and use of over-the-counter medications during the last year or month), as well as correctly interpreted [52] . Although the same methodology was described, the response rates generally were low and differed between 16 to 52% in the nine studies by Kobelt and colleagues [25, [44] [45] [46] [47] [48] [49] [50] [51] , which could be a source of bias and affect the reliability of results [35] .
What could be done to promote comparability of COI studies? One suggested solution is to give support to well-designed multinational prospective studies that could enhance the understanding of possible differences between studies [76] . An important step would be to ensure that included costs and concepts are clearly defined and described in relation to the healthcare system under study, so that readers are able to judge the applicability of results to their own settings.
Strengths and limitations
This systematic review used a novel approach by step by step selection of more similar studies for comparison, thus indication in each step the remaining methodological differences. To our knowledge, this is the first review of the COI of MS using this approach.
The mapping of published studies that describes methods used for calculations of COI of MS made the analysis of comparing costs feasible, enabling comparisons between the COI studies of MS based on cost ratios for severity of MS according to the EDSS index. However, the mapping only entails some of the methodological differences and we acknowledge that the comparison between disease severity levels within studies provides more information than the comparison between studies. In previous reviews [10, 11] , the relative relationship has been studied by using the approach of examining each disability level on the EDSS scale in relation to the average of the lowest EDSS category, which differs from our approach of comparing between mild, moderate and severe MS. This categorization of the EDSS was implemented to facilitate comparison between studies also when costs were not reported on every EDSS score in all studies. Although the cut offs for EDSS were not defined by exactly the same EDSS scores in the twelve studies included in that comparison, ratios of costs tended to increase at a rather similar rate as 1 to 1.75 to 2.86, or almost as 1 to 2 to 3, from the least to the most severe group of MS disease, and with limited deviations between the cost ratios of included studies. Although not possible to extract from the series of studies by Kobelt and colleagues [25, [44] [45] [46] [47] [48] [49] [50] [51] [52] , these studies stated clearly that costs were greater following higher disease severity, which further emphasizes the relevance of this association between costs and severity of MS.
The full-text reading was independently performed by two authors. One limitation of the literature search was that the title and abstract examination was performed by one author, thus in this stage not having the possibility to discuss potential disagreement of relevant studies with another author. However, all studies mentioning economic burden related to MS were included for full-text reading. In order to find possibilities of comparisons, the included studies in our review were based on data from OECD-countries. This fact and the finding that 59% of the included studies were undertaken by two groups of authors with connections to research in Sweden might be interpreted as a kind of bias. However, as comparisons of outcome of ratios of costs of EDSS-levels (Table 5) show, there were high resemblances of outcome between all included studies. The restriction to OECD-countries was a consequence of the method chosen for recalculations of costs i.e., using the PPP of the OECD [23] , which facilitated comparison between study results. The highest and lowest cost estimates were reported by two of the studies that were handled differently in the PPP calculations (Fig 2) , which indicates the difficulties in translating costs over time and between years. After excluding these two studies, the average total cost per patient and year ranged from USD 24 666 to USD 51 678 (PPP). Furthermore, the choice of annual inflation rate will impact the comparison between studies using different years of price level, where a higher rate would reduce differences of the average total cost between compared studies.
Due to the exclusion of intangible costs in this review, we underestimate the economic impact of MS in society. According to previous research, intangible costs represented up to 50% of the overall costs of MS [14] depending on methodological choices in the original publications. Among the studies included in our study comparison, only eleven studies [25, 35, [44] [45] [46] [47] [48] [49] [50] [51] [52] included intangible costs. Additionally, as our findings were based on studies using mainly patient questionnaires and self-selected samples, further studies of costs resulting from MS in representative population-based samples are warranted.
Conclusion
Although similar perspectives were applied used in the included studies, our findings support the raised concern of that results regarding the total cost per patient and year varies greatly between studies, and this was mainly due to differences in which costs that were included and how severity of disease was handled. As expected, the total costs increase with higher level of disease severity. However, we also found that the distribution of cost components varied with severity level. Although great variations between studies were found in terms of absolute costs, the relative costs expressed as cost ratios comparing different levels of severity level of MS indicated resemblances, appearing to make comparisons between studies feasible.
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